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THERMAL CONTROL BY USE OF FUSIBLE MATERIAL

(NAS 8-ii163)

FOURTH MONTHLY PROGRESS REPORT

8 Julz 1964

Summary

: During this reporting period work has continued on the thermal analysi_

and o'n determination of thermophysicai properties of the selected materials.
L

.: A prc_ising apparatus for measuring thermal conductivity of l_quids is described.

_ Some interesting property data was obtained on normal paraffin and is dis-

._ cussed in this text.
j

Octadecane was received from the vendor on I July, test work was not per-

formed on this material during this period.

Thermal Analysis

-_ Work was continued on Parts 1 and 3 of the analysis as described in l_st

month's report. Emphasis was placed on Part i which is essentially complete.

Part 1 Steady State Performance of Radiative Fin

The prediction of radiative fin's temperature distribution was checked by

./

two analytical methods as presented in last month's report... The hand _,Iculation

analytical technique based on the article by J.W. Tatom_ ARS Journal_ January 1960,

was selected in preference to the digital computer technique for this progr_a be-

. cause of the small number of fins required to snal>ze. The results of this analysis

are presented in Figures I thru 4.

The fin steady stat_ temperature distribution, Figure 3, and fin heat _ejec-

tion, Figure 4, are the input pacameters required for Part 3 of the analy:is.

i Figure I compares the selected fin thickness, .05 inch_ with the theoretical
}

minima_ w_ght thinkness for the three selected fin lengths (4", 8" and 12")

%"
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that '^ere analyzed• lhe theoretical mlnimLml weighL thickness for the _elected

[iu lengths are apparently below structural requirem.ents for a spacecraft's¢_

exterior skin _4itb ,_!ectronic gear directly mounted and, therefore, the .05 inch

i
_-_ tkickness was selected. The assumed fin material is aluminum with a mean thermal

'_ conductivity of 120 B_/HR-FT-_F and a surface coating having an infrared emis-
%

_ sivtty of 0.90. Both of these heat transfer proper!los are representative of

spacecraft materials used)/ •

_ Figure 2 presents the r_,.sulting radiating fin's t:_p temperature as a function

+ of _in length and root temperature. The four root temperatures selected are the

:_ melting points of the selected fusible materials• By using these melt temperatures

_ as a starti_g point for the transient analysis, both the steady state fin tempera-

e_ ture distribution and heat rejection capability can be predicted. It _'_iould be

.:5 noted that the highest root temperature analyzed is II5°F, which is the measured

::_ melt t_nperature of the purchased Camphene, rather than 122°F stated in the

_ t._'rature,

.._ Figure 3-a, -b, -c and -d presents fin temperature distribution for fin

;_ lengths of 4, 8 and 12 inches with the above root temperatures. !nclduing a

:_-
,_ fusible material under the fin will not significantly effect the longitudinal

_, steady state temperature distribution with the fusible material below the melt

point. This is because the ratio _f thermal conductivity of aluminum to fusible

_: material is:

._ K. IV 0 3-_i "-- I00 = I.

Kf .mat. .1

and the thickness _atio will be less than:

al < .05 = ,1f .mat.

o.,. the overall the_ml resistance:

Ra1 - 100
Rf .mat. --3--

m i ml
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Figure 4 presents the radiator tin performanae for the selected configu_ations.

The steady state heat rejection (qR) o[ the radiating fin Is plotted as a func-

• t*on of fin length and root temperature. The fin effectiveness is i_resented
!

in the same manner.

3

4 Part 3 Anc!_/sis of a ....Heat ke.iectin$ Fin With .A_tached.Fusible Materiai

lebugging of the digital computer program for this analysis continued, It

was found that tl..enode array was coo extensive to allow the required real time

i analysis to be perfor-ned with a r(asonabie amount of machine time. The program

is being reworked to reduce machine time and still maintain a stable trensient

analysis. The revised parts oL the program require additional corrections and

cg_ckout.
--w

_ Therm_physica I Properties

* Normol Paraffins - A review of normal paraffins shows attractive p_opertiesi

for tbeir use as thex_al control fusible materials. These include high heats of

fusion, selective melting temperatures and chemical inertness. The n-paraffins

with an even number of carbon atoms from 14 to 30 cover the melt temperature

range of interest, 40-150°F, Figure 5-a. These materials have a heat of fusion
,#

ranging from 98 lb. 109 BTU/Ib., Figure 5-b. Two of the materials selected for

., this study are in this group, n-llexadecane, C16H34 , and n-Octadecane, C18H38.

Tetradecane, C14H30 , Eicosane, C20H42 , and Octacosane, C28H38 , _re in this group

and listed as available in Baker's Organic Laboratory Chem_ical Caualog, Camphene
\

(Melt Pt 35-45°C), $2.20/500g was selected over Eicosane (Melt Pt 36-38°C),

-_ $17.85/i00g, initially because of the relative price ratio o[ 1:40 and apparent

equality in thermal properties. Both Camphene and Formic A_id have, on test,

shown some undesirable properties for subject application as d._scussed under

Expertment_ Property Determination. Substitution for Campi_ene and/oZ Formic Acid _

by suitable n-parafflns is considered.

-7-
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, Additional data on the_ availability, cost and difficulty of producing the

normal paraffins ot interest will be obtained.

Experimental Property Determination - The volume occupied by the material

L
; at various temperatures beth _n the solid and liquid states as ,veil as t_e rapid

i '
change of volume which takes place wnen changing phase at the melting p_int are

._ o_ critica] importar:ce tot this application. A literature search revealed that

density data were available for all of the materials in the liquid state except

_ Camphene_but literature on solid densities was rather scant. In addition to

_ information on the solid densities, the variance of liquid density over the use-

ful temperature ranga of the analysis is of importance for _he change of thez-mal

-7r

resistance between nodes of constant r4en_al mass. Once this density information ,-

'_ could be developed experimentally, then the voh_Je occupied by the celerted

material o_er a wide temperature range and in both the solid and liquid Fhase

'} can be calculated. The follewing procedure was followed in . eveloping this

information on three materials so far obtained.

A. Detenaination of Density Variation with Temperature

An initial survey of methods available for determining the density of

liquids indicated that aPeischauerpycnometer could be effectively used.

A pycnometer, Figure 6, was obtained and its effective volume at various

temperatures was determined by calibrating with known weights of doubly-

,i_ deionized, distilled water.

i. Calibration of Pvcnometer

:!

" rhe purified water was boiled to remove any dissolved gases and

i slowly cooled to the temperature at which tSe density measurement

was to be made. This water was then introduced into the pycnometer

until the calibration mark and the meniscus of the wa_er coincided

, in the pycnometer neck. The filled pycnometer was held in a constant

•: temperature bath until equilibrium was re=ched at the desired

i
[

-11- _
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temperature then an adjustment ._as made in the water level to
k

-: insure the level of the liquid was properly adjusted ro the ,:alibr:_-

tion mark. Once Lhe water le-.el had been adju-=ted to the mark at

the desired temperature the pycnometer was removed from the constant

2

_emperature bath, carefully dri.ed on the outside and weighed on a

ba'ance sensitive to l/lO milligram. The water level in tile pyc-

nometer would usually change upon removal from the temperature bath,

I.-,,,_ _4 S _'J:.S Of ._0 CO_S_qk;C._CC k .._ .,-,,.. _.4 _..1..

in the weight of the water conEained in the pycnometer and not the

level in the pycnometer neck. The weight of the clean dry pycnometer

was now subtracted from the weight of the flJ.xe_ pycnometer to deter-

mine the weight of water. This weight was converted to an appropriate

: vol_ne of water by consulting water density tables in the literature.

:_ We had n_w determined the volume of the pycnometer to Its calibration

J

- mark to tt:e nearest 1/10 of a milliliter. We now used this volume
.-F

a to calculate a correction factor due to buoyancy of alr corrected

i for temperature and barometric pressure at the time of the weighings.

This buoyancy factor _.as added to the value obtained for the initial

._ _eighings, thus giving the true weight of water in the pycnometer.f

-_i _his adjusted weight was then used to compute the volume of the pyc-

nemeter to the nearest 1/lO00 of a milliliter. This precedure was

._ repeated at various temperatures to give a calibration chart for the

_ pycnometer. This method minimizes errors introduced by expansion

of the bottle port_on of the pycnometer because it is calibrated

at its eYpanded volume a_ the temrerature. Since the pycnometer

narrows down to a capillar_-like neck the surface aree. exposed _o

"_ the air is _mall compared to the overall volume of liquid contained,

c_u_ evaporation is kept at a minimum. It is est_nated that density

i -13-
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_alues obtained by the Reis:hauer pycnometer mLchod will have an _
¥

error of less than _ 0•002• z

2 Density Determination

lhe pycnometer wa= in_nersed iu a constant temperature bath, at the _

desired temperature, a_d the liquid material introduced slowly until _

the meniscus of the material coincides with the calibration mark. _

_he pycnometer is allowed to 'soak" in tl,e constant temperature bath _

untJl equilibrium is attained and any needed adjustment in the level

at the calibration mark due to expansion or _ontraction of the contents

i5 made. The pycnometer is removed from the bath, careful;y d_ied

and weighed to constant weight. The appropriate calculations and cor.

rections are made to give the true weight of the material in the pyc-

nometer. This true weight (in grams) is then divided by the volume

(in milliliters) of the pycnometer at the temperature at which it

was filled, to give the density of the material in grams per milli-

liter.

For solid density measurements, the material is added as a liquid

as before, but only a small portion of the bulb of the pycnometer

is in=nersed in the constant temperature bath at a temperature below

the melting point. As the level of the liquid in Lhe pycnometer is

slowly raised by adding more material, the level of th pycnometer

is lowered into the bath _o as to only be cooling that portion of

the bulb filled• This technique insures "good packinR" of che solid
I

and eliminates the tendency of "funneling': on solidification. The

liquid is introduced until the calibration mark is reached, removed 1

from the bath, dried and weighed to constant weight. Th_s weight

is then converted to a "true weight', and the density calculated as

before. The temperature_denslty curves for Formic Acid, Camphene, ,I -

and n-Hexadecane are shown in Figures 7 through 9_ temperature-.specific I

volume curves are shown in Figures i0 through 12.

-14- i
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B. Determination of Volume Chanse Oue to Phase Transition at M_itin$ Poi_,t

• Several methods were con:_iderel for detez_ining this import.rot property

of the subject material:_. On,;method was a machined cylinder, Figure 6,

": with a close fiL.ing movable piston, the other a graduated glass cyliuder

_ in which tne change o! volur_,ecould be followed visually by means of the

?
._ graduated marI:ings.
._

_I The machined metal r-ylind,r was first tried but was found to be unsatis-

'_, factory. The cylinder w,_.:,sfilled with a known weight: of liquid Camphene

.,_

and inraelsed in a constant temperature bath at 120°F. ?he cylinder was

'_ fiLted with a copper-constantan thern_cuple positioned in such a manner

so as to be as close to the center of the mass or. added material as po-,-
4

sible. In this ;runner it was thougltthat the temp_'ature of t_e material

being tested could be monitored with a potentiomcter continuously through-

out the phase transition, The piston was inserted iutc the machined

: cylinder and allowed to settle toward the apper surface of the Camphene

._ liquid, It was thought that the piston would settle gr._dua!ly aisplacing

air .:ntil it rested in intimate contact with the Camphene surface. The

.i settling was followed until no more movement was observed, ihe movement
d

of the piston into the cylinder was easily followed to the nearest 1/100U

inch by means of a depth micrometer supported on the upper edge of the

i machined cylinder. By avoidi_Lg external support of this measuring device

it was thought that errors due to movement of supports would b_ elimin.,ced.

Once the piston had stopped moving downward the temperature of the con-

stant temperature bath was lowered at a rate of approximately I°F every

= 15 minutes° This slow t_perature change was used to allow the Camphena

and the bath to be almost in thermal equilibrium. This equilibrium was

monitored by alternately checking the bath temper-ture and the Camphene

. temperature with ccpper-constantan thermocouples, t\a the melting point.

!
_ of the Camphene was reached (approximately IIS°F) the depth micrometer

, -21-
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showed errat:c r_-adin_s, "" wa'- ,:c, nciudea that thl _. Jaiiurt- t¢ achieve
i

::(-:.,_tt.qt resu_t_ was due t¢ trapped a;r bet'_'ee::, the :.:amphe::_2 surface

n_' t" e. Fi_ton k%,,e p,st_n b_!'._:\,_-d in a ' s?ong.v" manner tho_ indicat-" : ._

_!:_t se:_:eti_inz comorcssible ".,'as beneath it, :\-_. a_'empt wa:; made to g_: f

ircm sol:d Camphenc- to; i;cuid Ca.-,ph.ne b'; ra'>ing the ta,_.Ferature of the : _

_',*" sl-'_ 'l*" above tii( -_" "............... _-L_i,-,gpoint of Camphe'.e. in ti_i__re','er,,2proced-

:re _:-:ot!,eri_h_e:,t difficulty of the method became apparent as the =

lio,,zd La:npber.e icaR_.'_- arou:-,c the piston rather than raising it. Due

"o these dilficult:es ti_u machined av!inder method was _bandoned.

t

It ":a_= d_:'d_d to, gc the £radua_ed glass cvl,_nd_r methcd.

:\ known volt__e o[ the liquid materials was added to a referer, ce mark on

the glass cylinder, Figure 6. A copper constanten thennocouple was in-

•,erted into the liquid mass of material in the glass cylinder so the

temperature could be monitored as desired. A correction was made for

the disslace__..ent of liquid by the thermocouple wSre and this value

re<ordea. The- glass _vlinder was now cooled in a temperature bath to

below the melting point of :he material within the cylir'der. It was

found that the tecnnJque t,scd with the pycnometer whereby the_ freezing

is done in small increments from the bottom of the cylinder towards the

Lop gave good "packing". Although the ,'clues obtained were _ot as accurate

as those _hi_h would have been obtained had the machined cylinder worked

(since the volume chance .ould be meesur=d cnly to i,:10 ml) they se_-ve

_ co show the order of magnitude which can be expected whe_ these materials

change volume in passing through their phase transition. It is estimated i

that the values obtained should have a precision of -_ 0.5%. i

_ C. Check of Meltin_ Points

The _.ea_urement of the melting points of the candidate materi_Is was con- [

ducted by insertin_ a ¢opper-constantan thermocoupl_ into the pycnometer ! ]

-22- [ :
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tilled with the material to be tested. The then_ocouple was referenced

to ice made from deionized water at 32°F. Both n-Hexadecane and Camphene

showed rather sharp melting points at 61=F a_d I15°F respectively. Formic

Acid, howe_er, exhibited a subcoo!_ng effect on solidification. To che_k

Formic Acid it was cooled until the contents of the pycnometer had frozen

solid, it was then allowed to warm up until ghe liquid-solid mixture

showed a slight increase in temperature. This occurred just when the last

remnants of the solid phase melted. This slight warming occurred at

_pproximately 47°F. i'hese values obtained are considered accurate within

iOF.

D. Suhcoelin$ of Formic Acid

In conducting the pre_ious experiments it became a_.arent that Forn_ic

Acid, when slowly cooled remained in a liquid state at temperatures

som_¢hat be!_w its melting point. The phenomenon was investigated by

cooling the acid in a graduated cylinder slowly below its melting point

while continuously monitoring its temperature. It would be subcooled

to a temperature range of 33°F - 35°F and the material solidified in

! se_al minutes. After solidification the solid material would cool

in a linear _ashiol,. No further worh on how this sub-cooling effect

> can be avoided has bee_ done up to the present time.

E, Measurement of Thermal Conductivit_ of Liguids

_' A tentatively selected apparatus for measuring the thermal conductivity

of liquids is shown in Figure 13. This apparatus, its use and accuracy,

is described in an article, "Thermal Conductivity of Some Organic Fluids"

by 0.B. Cecil and K.H. Munch, Industrial & Engineering Chemistry 48, 1956.

1 Agreenent between reported and measured values of thermal conductivity
J

': of some common liquids indicate that this method of determining thermal

conductivities is reliable.

!
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The method has further advantages of measuring speed and relative simpli-

city o_ apparatus and instrumentation. It is, therefore, considered as

a good choice for experimental detern,Jnation of liquid thermal conducti-

vity, _houl_ such be required in the performance of the study.
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